Background: Previous studies on variable stiffness colonoscopes showed mixed results. Different methods of activating the variable stiffness function were used and might explain part of the controversy. To determine the most efficient way of activating the variable stiffness function, this study compared 3 methods (no activation, regular activation, activation on an as-needed basis) using 1 single type of pediatric variable stiffness colonoscope. Methods: Asymptomatic patients admitted for physical check-up at the Buddhist Dalin Tzu Chi General Hospital were included. A single endoscopist performed all of the colonoscopic examinations of patients under sedation using a variable stiffness pediatric colonoscope. Consecutive patients were randomized to undergo colonoscopy using 3 different methods of activating the variable stiffness function: no activation ("no" group), regular activation at descending colon ("regular" group), and activation on an as-needed basis ("as-needed" group). Completion rate, cecal intubation time, and use of adjunct measures were evaluated and compared among the 3 groups. Subgroup analysis by gender was also performed. Results: Between January and July 2006, a total of 250 patients were enrolled. The completion rates of the examinations were 97.6%, 91.7% and 96.4% in the "no", "regular" and "as-needed" groups, respectively (p = 0.17). The cecal intubation times were 5.6 ± 2.6 minutes, 5.6 ± 2.7 minutes and 6.2 ± 2.3 minutes, respectively (p = 0.22). Multivariate logistic regression analysis showed that activation of the variable stiffness function regularly (odds ratio [OR], 0.53; 95% confidence interval [CI], 0.28, 0.98; p = 0.04) or on an as-needed basis (OR, 0.52; 95% CI, 0.28, 0.97; p = 0.04) were independent factors that were related with less use of abdominal pressure. When only women were considered, the completion rate was lower in the "regular" group (98.0%, 86.8% and 96.5%, p = 0.04). The use of abdominal pressure was more in the "no" group than the other 2 groups (56%, 34% and 33%, p = 0.03). When only men were considered, the cecal intubation time was longer in the "as-needed" group (4.6 ± 1.4, 4.6 ± 1.8 and 5.8 ± 2.5 minutes, p = 0.02). The other outcomes were similar in both genders. Conclusion: The 3 different methods did not result in significantly different completion rates or cecal intubation times. However, activation of the variable stiffness function decreased the need for abdominal pressure. When males and females were considered separately, activation of the variable stiffness function on an as-needed basis in females was the only useful setting. [J Chin Med Assoc 2008;71(1):23-29] 
Introduction
Failure to reach the cecum occurs in about 2-10% of patients during colonoscopy. 1, 2 Most cases are attributed to persistent loop formation or failure to transverse a narrow angulated segment, mainly in the sigmoid colon. The pediatric variable stiffness colonoscope (VSC) was developed to deal with these problems. Thinner and more flexible, it can negotiate through a narrow segment or an acute angle more easily. 
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When its variable stiffness function (VSF) is fully activated, it can become even harder than a standard adult colonoscope, 2 thus reducing the formation of looping. Previous studies of VSC showed mixed results. Some studies showed that VSC shortened cecal intubation times, 3, 4 but others did not agree. [5] [6] [7] Several studies showed that the need for abdominal compression was decreased, 4, 6, 8 but others showed no significant difference. 5, 7 The diverse results may be due to the various study designs. One of the major differences was the method of activating the VSF. Some investigators routinely activated the VSF at the distal sigmoid colon, 7 descending colon 8 or hepatic flexure, 6 while others used the VSF only when a loop formation was encountered. [3] [4] [5] To determine the most efficient way of activating the VSF, this study compared different methods of activation (no activation, regular activation, activation on an as-needed basis) using 1 single type of pediatric VSC. As previous studies showed advantages of a pediatric colonoscope when used in females, 9 subgroup analysis was performed according to gender.
Methods
This prospective study was conducted between January and July 2006 in Buddhist Dalin Tzu Chi General Hospital. Asymptomatic patients admitted to our physical check-up department were included. Patients with obstructive lesions of the colon, advanced abdominal cancer, previous colon resection, allergy to buscopan (hyoscine-N-butylbromide) or meperidine, age under 16 years, and those unwilling to receive sedation or to provide written informed consent were excluded. The study was approved by the hospital's institutional review board.
Patients were randomized into 3 groups by opening an opaque sealed envelope. In group 1 (the "no" group), VSF was not activated during the procedure. In group 2 (the "regular" group), insertion was started with VSF at the soft position (setting 0), but VSF would then be regularly activated to the hard position (setting 3) when the colonoscope reached the lower descending colon, and would be left in that position until the cecum was reached. The descending colon was recognized when the colonoscope was inserted through the tortuous sigmoid colon, the acute sigmoid-descending junction, into the straight and usually fluid-accumulated portion, and at about 40 cm from the anus. In group 3 (the "as-needed" group), the insertion was started with VSF in the soft position until forward advancement ceased. After straightening of the colonoscope, the stiffness control was increased to the hard position and forward advancement attempted once again. If a loop formed again, VSF was returned to the soft setting, an effort was made to reduce the loop, the hard setting was reapplied, and the process repeated.
Bowel cleansing was accomplished by instructing patients to ingest 45 mL of sodium phosphate at 5:00 PM the night before the procedure and a second dose at 10:00 PM. Isotonic saline enemas were performed 1-2 hours before the procedure until the returns were clear.
Propofol was administered by an anesthetist as tolerated by cardiorespiratory parameters until the patient was asleep but arousable by shaking. An oximeter and electrocardiographic monitor were used throughout the whole procedure. Buscopan (20 mg) and meperidine (25 mg) were given intravenously immediately before the procedure to produce good colonic relaxation and improve patient tolerance.
Colonoscopic examinations were performed by a single endoscopist using a pediatric VSC (PCF 260AL; Olympus Optical Co. Ltd., Tokyo, Japan). The VSC has a graduated dial just below the accessory channel port that allows the endoscopist to adjust the stiffness of the insertion tube. Varying degrees of stiffness can be applied at settings 0 (soft position) through 3 (hard position).
When the insertion of the colonoscope was hindered by scope looping that could not be reduced by activation of the VSF where appropriate, manual abdominal pressure was applied by 1 of the assistant nurses. When abdominal pressure failed to overcome the looping, the posture of the patient was changed (from initial left lateral to supine and back again). A procedure was defined as successful if the base of the cecum or the oversewn end of the colon could be touched with the tip of the colonoscope. The cecum was recognized by a combination of the endoscopic landmarks of the ileocecal valve, the crow's foot pattern of the muscular folds, and the appendix orifice. If any doubt existed, the colonoscopic examination was classified as incomplete. The time required to reach the cecum was defined as the cecal intubation time. Detailed examination was undertaken during withdrawal of the colonoscope.
Demographic data (age, gender, height, weight) and a history of hysterectomy and other abdominal surgery were obtained before sedation. At the end of the procedure, the following parameters were evaluated and recorded: cecal intubation time, total procedure time, dosage of propofol, use of abdominal pressure, use of turning, adequacy of cleansing, and reasons for (4) inadequate-when stool residue precluded complete insertion.
When colonoscopy was incomplete, the causes for failure were categorized as: (1) inadequate preparationwhen stool residue precluded complete insertion; (2) tortuosity/looping-when colonoscopy was halted because of an inability to straighten the colon; (3) acute angle or stricture-when colonoscopy was halted because of an acute angle or narrow segment, but the scope could be straightened; (4) disease-when conditions such as acute colitis, diverticulitis or carcinoma precluded full insertion; and (5) violation of the protocol-when the VSF had to be activated or deactivated to complete the procedure in violation of the protocol.
Statistical analysis
Power calculations estimated that 83 patients in each arm would ensure 80% power of detecting at least a 1-minute difference in mean cecal intubation time given a standard deviation of 2.3 minutes (5% significance level, 2-sided test). Statistical analysis was performed using the SPSS program (SPSS Inc., Chicago, IL, USA). All continuous variables were expressed as mean ± standard deviation (SD). Student's t test and an analysis of variance to compare the means of continuous variables were used where appropriate. The χ 2 test, with Yates' correction for continuity, was used for comparison of categorical data, while Fisher's exact test was used when numbers were small. Regression analysis was used when assessing the impact of other possible confounding variables on the primary endpoints. Age, gender, BMI, quality of bowel preparation, and a history of hysterectomy and previous abdominal surgery were used as independent variables. Logistic regression was used for the endpoints of success in reaching the cecum, use of abdominal pressure, and turning. Linear regression was used when analyzing time to reach cecum. A p value of less than 0.05 was considered to be statistically significant.
Results
A total of 256 patients were asked to participate in the study between January and July 2006. Six patients were excluded (3 refused to sign the informed consent form, 1 had a history of colon cancer post right hemicolectomy, 1 was allergic to buscopan, and 1 had an obstructive sigmoid colon tumor). Therefore, 250 patients were eligible for analysis and randomized as follows: 83 in the "no" group, 84 in the "regular" group, and 83 in the "as-needed" group. There was no significant difference among the 3 groups with regard to gender, age, BMI, history of hysterectomy, previous abdominal surgery and adequacy of bowel preparation ( Table 1 ).
The completion rates of the examinations were 97.6% in the "no" group, 91.7% in the "regular" group and 96.4% in the "as-needed" group (p = 0.17). The 2 failed examinations in the "no" group were both due to persistent loop formation. Both were successfully intubated to cecum after engaging the VSF. Of the 7 failures in the "regular" group, 3 occurred in the sigmoid colon due to acute angle before the activation of VSF. After activation, 2 failed because of loop formation at the transverse colon. In another 2 patients, the VSF had to be released because the scope was so rigid that it could not pass a tortuous segment. Both were subsequently completed. Of the 3 failures in the "as-needed" group, 2 were due to acute angle in the sigmoid colon and 1 was due to loop formation. There were no complications in any of the 3 groups.
The cecal intubation time was 5.6 ± 2.6 minutes in the "no" group, 5.6 ± 2.7 minutes in the "regular" group, and 6.2 ± 2.3 minutes in the "as-needed" group (p = 0.22). There was no difference among the groups in the use of turning and abdominal pressure, colon preparation, propofol dosage or total procedure time ( Table 2) . Multivariate logistic regression analysis was performed using abdominal pressure as a dependant variable. Considering confounding variables, activation of VSF regularly (odds ratio [OR], 0.53; 95% confidence interval [CI], 0.28, 0.98; p = 0.04) or on an as-needed basis (OR, 0.52; 95% CI, 0.28, 0.97; p = 0.04) were independent factors that were related with less use of abdominal pressure (Table 3 ).
In the "as-needed" group, VSF was applied 72 times in 62 patients (74.6%). Of these, 53 times (73.6%) were judged to be effective by the endoscopist. The tip of the scope was estimated to be located at the transverse (61%), descending (13%), ascending (10%) and sigmoid (5%) colon and at multiple sites (11%) when the VSF was activated.
Subgroup analysis by gender was performed. When only women were considered, the completion rate was lower in the "regular" group (98.0%, 86.8% and 96.5% in the "no", "regular" and "as-needed" groups, respectively; p = 0.04). The cecal intubation times were similar. The use of abdominal pressure occurred more often in the "no" group than the other 2 groups (56.0%, 34.0% and 33.3% in the "no", "regular" and "as-needed" groups, respectively; p = 0.03). The use of turning was more in the "regular" group than the other 2 groups (8.0%, 22.6% and 7.0% in the "no", "regular" and "as-needed" groups, respectively; p = 0.02) ( Table 4) . Multivariate logistic regression analyses were performed with completion rate, use of abdominal pressure, and turning as dependant variables. Regular activation of VSF was the only independent factor related to incomplete procedure (OR, 12.44; 95% CI, 1.26, 122.49; p = 0.03). Regular activation (OR, 0.40; 95% CI, 0.18, 0.88; p = 0.02) and activation on an as-needed basis (OR, 0.39; 95% CI, 0.18, 0.85; p = 0.02) were independent factors related to decreased use of abdominal pressure. Higher BMI was the independent factor related to decreased use of turning (OR, 0.76; 95% CI, 0.63, 0.93; p = 0.01) ( Table 5) . When only men were considered, the cecal intubation time was longer in the "as-needed" group (4.6 ± 1.4, 4.6 ± 1.8 and 5.8 ± 2.5 minutes in the "no", "regular" and "as-needed" groups, respectively; p = 0.04). The other outcomes were similar among the groups (Table 6) . A linear regression model was performed by using the log of cecal intubation time as the dependant variable when the distribution of cecal intubation time was skewed. Activation of VSF on an as-needed basis (B value, 0.23; 95% CI, 0.03, 0.43; p = 0.02) and a history of previous abdominal surgery (B value, 0.42; 95% CI, 0.05, 0.78; p = 0.03) were associated with longer intubation time in men.
Discussion
This study was a randomized single-blinded comparison of 3 methods of VSF activation using a pediatric VSC. Previous studies evaluating the VSC by regular activation method yielded inconsistent results. Sorbi 
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Activating the variable stiffness function of colonoscopes Y.H. Hsieh, et al et al compared a prototype VSC with a conventional colonoscope and found that the use of VSC reduced the need for abdominal pressure, but did not offer additional advantages in other aspects. 6 Shumaker et al compared a pediatric VSC with a pediatric colonoscope and an adult colonoscope. No difference was noted among the 3 scope groups. 7 Using each patient as his or her own control, Shah et al repeated colonoscope insertion to the cecum with and without activation of VSF in a randomly assigned order. In the group with routine activation of VSF, the use of ancillary measures was less and cecal intubation times were shorter. 8 Other studies investigating the use of VSC by activating on an as-needed basis also showed variable results. Brooker et al compared a VSC with conventional colonoscope and activated the VSF only when loop formation could not be reduced by use of abdominal pressure and change of position. The cecal intubation time was significantly less in the VSC group. 3 Odori et al compared 2 prototypes of VSC with 2 conventional colonoscopes, and activated the VSF before attempting use of abdominal pressure and change of posture. The use of VSC shortened the intubation time and decreased the need for abdominal pressure and posture change. 4 On the other hand, comparing an adult VSC, a pediatric VSC, a standard adult colonoscope and a standard pediatric colonoscope, Rex found that the cecal intubation times were similar among the 4 scope groups. 5 In this study, analysis of all patients showed that activation of VSF could decrease the use of abdominal pressure, but there was no difference in cecal intubation time, total procedure time, dosage of propofol, and use of turning. Although the design of the present study and the other studies mentioned above are quite different, most of the previous studies also showed that the use of VSC can reduce the use of abdominal pressure. 4, 6, 8 By subgroup analysis according to gender, the benefits occurred only in females, not in males. Compared with men, women have more gluteal and femoral fat but less visceral fat 10 and less abdominal wall musculature, thus less support for their colon. This results in a loose sensation when the colonoscope is inserted in women but a more sturdy sensation in men. It is possible that the increase in stiffness of the VSC is enough to overcome the loop formation in women but not in men.
Moreover, the success rate of the "regular" group in this study was lower than that of the other 2 groups in females. In 2 of the failures, the colonoscope was too rigid to be inserted further and its VSF had to be relieved to complete the procedure. However, such a condition did not happen in males. This again showed that the activation of VSF was more effective in women and, in some cases, was too effective, becoming counterproductive.
In male patients, the intubation time of the "asneeded" group was longer than that of the other 2 groups. Since the activation of the VSF was ineffective in males, the process of straightening the scope, activating the mechanism and inserting the scope again only contributed to an increase in intubation time. Furthermore, the mean cecal intubation time was quite short in the other 2 groups (only 4.6 minutes), so even the waste of a little time became significant.
In the "no" group, the 2 failures were completed after the VSF was activated. Although the overall success rate was not significantly changed, it is apparent that the VSC is useful in some circumstances. In our study, there was no complication in any of the 3 groups, but a female case of bowel perforation resulting from use of VSC has been reported in the literature.
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In conclusion, the 3 different methods did not differ in completion rates or cecal intubation times, but the 2 groups with activation of VSF needed less use of abdominal pressure. When males and females were considered separately, activation of VSF on an as-needed basis in females was the only useful setting. Further studies using adult-sized VSC or by less experienced endoscopists are needed.
